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1 Introduction

Timing alignment error and frequency accuracy are requirements that can be kept as conducted requirements in Release 12. However there are some considerations that should be taken into account when fixing the requirements due to the fact that the signals on MIMO branches are composed of signals from multiple transceivers. This document elaborates further on issues that should be considered
2 Discussion

The current timing alignment error requirement as specified in 36.104 is as follows:

6.5.3
Time alignment error

This requirement applies to frame timing in TX diversity, MIMO transmission, carrier aggregation and their combinations. 

Frames of the LTE signals present at the BS transmitter antenna port(s) are not perfectly aligned in time. In relation to each other, the RF signals present at the BS transmitter antenna port(s) experience certain timing differences.

For a specific set of signals/transmitter configuration/transmission mode, time alignment error (TAE) is defined as the largest timing difference between any two signals.

6.5.3.1
Minimum Requirement

For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.

For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 130 ns.

For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260 ns.

For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260ns.
Two things should be noted from this requirement. The first is that the requirement applies to MIMO branches. The second is that the requirement is on alignment between any two branches.

An AAS system will apply beamforming to MIMO branches. Thus, each MIMO branch will be driven by multiple transceivers. The underlying transceivers that drive a MIMO branch will themselves not be perfectly time aligned. Thus the transmitted signal from a MIMO branch will consist of several transmitted signals that may not be perfectly time aligned.
As discussed in [1], it is necessary to define a radiated requirement that applies per MIMO branch in order to declare and verify transmit EIRP. The radiated requirement will implicitly test that the time alignment between transceivers that form each MIMO beam is sufficient to achieve beamforming. Thus it is not clear whether testing the time aligment of the transceivers at a sub MIMO branch level brings additional benefit. Furthermore, as outlined in [1], the performance of a conducted test of transceiver phase characteristics may not be representative of the phase characteristics when radiating
On the other hand, it is useful to ensure that the timing alignment between MIMO branches falls within the specified requirement to guarantee UE receiver performance, and the proposed radiated requirement, which is defined per MIMO branch does not test timing between branches.
Thus we propose that the timing alignment requirement should continue to be defined between MIMO branches

Observation 1: The Time Alignment Error for AAS should be defined between MIMO branches

There then exists the question whether the timing alignment error requirement should be radiated or not. As discussed in [1], the phase alignment and amplitude of transceivers in an AAS system can potentially differ when radiating due to, for example impedance matching, RDN effects, the impact of reverse coupling between branches on algorithms such as calibration and PA linearization and so on.

By defining and applying a radiated requirement, issue relating to array efficiency are captured and tested.. To some extent, it could be argued that a radiated requirement on Timing Alignment error is needed to ensure that the inter-MIMO branch timing remains the same when radiating and conducting. However in general, elements radiating different MIMO branches are more likely to be isolated than elements performing beamforming, and so impacts due to coupling of signals between transceivers will be reduced, whilst other impacts of radiating are captured in the radiated EIRP test, which will ensure the received power level of each MIMO branch. Thus the motivation for defining an additional radiated requirement in this case is reduced. A conducted requirement will provide more or less the same amount of requirement coverage as in the current specifications.

Observation 2: It is likely that the timing alignment error per MIMO branch requirement for AAS can be a conducted requirement, assuming that there is a radiated EIRP per MIMO branch requirement

There then further exists the question that if a MIMO branch consists of a signal from several transceivers each with slight timing deviation, how to define the overall requirement with reasonable complexity. If the requirement is defined to be between any two transceiver branches, then with a growing number of transceivers the testing complexity would explode exponentially. However there exist some alternatives:
· If the TX power per transceiver in the MIMO branch is not equal (e.g. because tapering is applied), then the TAE is defined between the transceivers with highest TX power

· Or the timing of a MIMO branch is defined as the mean of the transceiver branch timings, possibly with each branch weighted by it’s TX power

Since the EIRP test will implicitly ensure sufficient time alignment between transceivers, the first option; that  the TAE is defined between a single transceiver (the one with the highest TX power) per MIMO branch may be  sufficient to achieve a TAE requirement with reasonable complexity.
Observation 3: Further discussion is needed on how to specify which transceivers are used for a per MIMO branch TAE requirement
3 Conclusion

Observation 1: The Time Alignment Error for AAS should be defined between MIMO branches

Observation 2: It is likely that the timing alignment error per MIMO branch requirement for AAS can be a conducted requirement, assuming that there is a radiated EIRP per MIMO branch requirement

Observation 3: Further discussion is needed on how to specify which transceivers are used for a per MIMO branch TAE requirement
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